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Effect of Constructed Wetland Configuration on the Removal of Nitrogen

Pollutants and Antibiotics in Aquaculture Wastewater

LIU Jia, YI Nai-kang, XIONG Yong-jiao, HUANG Xiang-feng "

(State Key Laboratory of Pollution Control and Resource Reuse, Ministry of Education Key Laboratory of Yangtze River Water
Environment, College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract: Horizontal subsurface flow constructed wetland ( HSSFCW ) and integrated vertical flow constructed wetland (TVFCW )

consisted of down-flow and up-flow were built to treat aquaculture wastewater under different conditions. The water treatment
performance, especially the nitrogen pollutants and antibiotics removal efficiencies, were compared, and the effects of flow patterns and
hydraulic retention time (HRT) on the efficiencies were studied. The results showed that IVFCW had a better removal efficiency on
nitrogen pollutants, and the removal rates of TN and NH,” -N were 58% and 80% (HRT =3 d), respectively. Microbial community
was further analyzed using BIOLOG microplate technique and 454-pyrosequencing. The internal structure of IVFCW was conducive to
the flow and dissolved oxygen condition, which induced higher microbial activity and diversity. The richness in Nitrospira distribution
was the main reason for the removal efficiency of ammonia nitrogen. HRT had a great influence on the removal of NO; -N and NO, -N,
and maintaining 3-4 d could reach good efficiency for all kinds of nitrogen pollutants. Solid phase extraction-high performance liquid
chromatography-tandem mass spectrometry analysis ( SPE-HPLC-MS/MS) was used to test the removal efficiency of antibiotics, and the
results showed that there was no remarkable difference between the two configurations. The removal efficiency of Enrofloxacin was
higher than that of Sulfamethoxazole and Florfenicol. Extending HRT from 1 d to 3 d could significantly improve the removal rate of
Sulfamethoxazole, reaching above 50% .

Key words : constructed wetland ; aquaculture wastewater; flow patterns; nitrogen pollutants; antibiotics
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Fig. 1  Structure of horizontal subsurface flow constructed wetland
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Table 1 ~ Water quality of the influent

W H 1 XA
pH 7.25 ~8.47 7.87
B/ C 7.8 ~29.4 22.6
HS R/ uS om ! 414 ~618 487
WIRE/mg- 1! 2.5~5.3 3.7
COD/mg-L~! 40 ~92 61
TP/mg-L "' 0.142 ~0. 485 0.252
TN/mg-L~! 2.674 ~3.935 3.132
NH, -N/mg-L~! 0.892 ~1. 800 1.257
NO; -N/mg-L"! 0.213 ~1.283 0.798
NO; -N/mg-1.~! 0.043 ~0. 169 0. 096
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Fig. 2 Structure of integrated vertical flow constructed wetland
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PR E (R RRRE) , pH SR TR B 11 &
( %[ Fisher Scientific) , A IR R 2 IR K K
W 53 B 732 ) T R BRAE 53 A i e
1.3.2 TEw ST

P N TR s 7R I 4ER5 /K 745 B8 B[]
M4 d —B A o0 A K 1 N T e
iy bR AR B AN A A T N TR N AT
FEEEFURAE RN SRR 1, B2 A R,
RRLAAE LY B8 B ) b 226 sSOR SR R R TS AR

B SRAE S X B BT A ) AR R R 5 24
P R HG v A48 T 118 50 AN 5 R 2H A T A3

TAE AR 5 2 RS A AR
RFNZRJTT, B 40 g AL K S A9 100 mL
A FRERK Y 250 mL =R, B R LA 200
remin ' E IR 30 min, #% 5 B 20 mL &K & O
(1500 r-min~",8 min,20°C ) DA £ R EIFY XHEH
FEW R B TP, RS W A5 B 35 W R T BIOLOG
ECO Plate ™A, £ FL 150 wl. % &5 icE 7E
R H R AR IR A 30°C 553546 N, B AR
E3 ANEE. HlfE 12, 48, 72, 96, 120, 144,
168, 192 #1 216 h F| F £ I ¢ B #5 1L ( Bio-Tek
Synergy 4,32 [E ) 7E 590 nm KT P17 8 RAE.
KR, Z MOCHR [15 ] 38 5 L7 200 %
(Average Well Color Development, AWCD) , Jf-4R &
A T 5 Shannon #6544, Mclntosh $5 %X
F1 Simpson F8%L.

41 R RN 45 74 4 RR - SR FH Real -time PCR A5

®2 ETEH

Table 2 Operating parameters

B B EfTtE/d HRT/d KA Fms/m? - (m?-d) ! HF #ift/L-d"! IVF ifiis/L-d !
I 1 ~43 1 0.252 151.2 201.6
1 44 ~67 2 0. 126 75.6 100. 8
i} 68 ~112 3 0. 084 50. 4 67.2
\Y 113 ~199 4 0. 063 37.8 50. 4
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DA T A B 1Y) 16S BRI 4% 5 /. 2 & PCR 7
A : ABI Prower SybrGreen qPCR Master Mix (2X);
SEHE PCR {0 : ABI7500 BI5¢ G 5E it PCR AL 407
SE AT MBI P %F A . Eub338-Eub518 5 RT-PCR X
MZH A1 x (10 minutes at 95°C); 40 x (15
seconds at 95°C ; 60 seconds at 60°C). X AL b
PR R A TR Z5 R BT Y Miiseq = 38 B0 7 03 25
FEIE T AEYIBHCA PR R 58

1.3.3 AR

K SHERR BRI N 1 ~3 d BB 17 B BN, X
AN K 3 FhpiE R (BRI A S
i e | G TR B R ) EATINSE . B PUAE R E
(AR 2 DL SCHR [ 16, 17 ], SR FH [361 AH 26 B - i 2880
€3 53 B 5 3 7% ( SPE-HPLC-MS/MS). 5L 50 i
bR 2 B HIARUE S 2400 B BTz T3l ( BT )
AR T B0 99% ; A LRGN HPLC 4 1K
5 I 7K 35 o 8 4l 7K ( Millipore ). 43 BT A %5 : TSQ
Quantum Y& AH (435%- 53 BX 5 315 ( 32 [E] Thermo Fisher
Scientific) ; 12 & By 3¢ X [& A0 % B 3¢ & (35 [H
Supelco) 5.

500 mL /K FEIE T 0. 45 pom ZKHH 8 AR 5% 2
4, A 5 mL Na,EDTA (50 g-L~") £%4 /K AL B g
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U85 PRAFE T 2 mL AE /N, il 3 HPLC-MS/MS
PEAT 58 R4 M, €5 3% R S A9 43 A 4% 1R DL SOk
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Fig. 3 Removal rates of nitrogen pollutants in two constructed wetlands
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Simpson F84X. 13 3 /R, B4 T FLIR 1Y 45 5 4L
WIme e TOKF RN TR b, P 2 [A) OV 3
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Table 3 Diversity indices of two samples from different CWs

§ Shannon 8% Mclntosh F8%% Simpson F8%X
AT )
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